Background: The interpretation of uterine cancer rates is hindered by the inclusion of women whose uterus has been surgically removed in the population at risk. Hysterectomy prevalence varies widely by state and race/ethnicity, exacerbating this issue.
Introduction
Women whose uterus has been surgically removed are not at risk for cancer of the uterus. Routine reporting of incidence rates for uterine cancer does not take hysterectomy prevalence into account (1, 2) , thus underestimating the true burden of disease among those at risk (3) (4) (5) (6) (7) . Previous studies in the United States using data from Surveillance Epidemiology and End Results (SEER) cancer registries have shown that uterine corpus cancer incidence rates corrected for hysterectomy prevalence are 53% to 67% higher than uncorrected rates (5, 7) .
Hysterectomy is one of the most frequently conducted surgeries in the United States. Approximately 600,000 women undergo the procedure each year, with usage highest among women of ages 35 to 49 years (8) (9) (10) . Rates vary widely by region and are almost 50% higher in the South than in the Northeast (9, 10) . Hysterectomy prevalence also differs by race and ethnicity (11, 12) . A recent analysis of the population-based Coronary Artery Risk Development in Young Adults (CARDIA) cohort found that Black women were 3 times more likely to have had a hysterectomy than White women (13) .
It is likely that differences in hysterectomy prevalence confound observed variations in uterine cancer incidence rates. As generally reported, uterine corpus cancer incidence rates appear higher among White women than among Black or Hispanic women (2) . Sherman and colleagues have shown that correcting for hysterectomy prevalence attenuates racial disparities in uterine endometrial cancer (7) . Similarly, it is likely that state variation in uncorrected incidence rates to some extent reflects differences not in cancer occurrence but in hysterectomy usage.
Geographic patterns of cancer occurrence provide clues for etiologic study vis-a-vis the relationship between acquired (vs. hereditary) factors and the neoplastic pathway. The increased coverage of cancer surveillance in the United States in recent years expands this potential. However, the interpretation of reported uterine cancer incidence rates is hindered by the inclusion of large numbers of women without an intact uterus in the population at risk. Therefore, we estimated state-level uterine corpus (i.e., excluding cervix, hereafter uterine) cancer incidence rates corrected for hysterectomy prevalence to reveal the true geographic and racial/ethnic patterns of disease and provide a more accurate representation of the current cancer burden.
Materials and Methods
We identified invasive uterine cancer cases among nonHispanic White (henceforth, abbreviated as White), Black, and Hispanic women diagnosed during 2004 to 2008 using incidence data obtained from the North American Association of Central Cancer Registries (NAACCR) for 49 states and the District of Columbia. NAACCR certifies population-based central cancer registries participating in the National Cancer Institute's SEER program and/or the Centers for Disease Control and Prevention's National Program of Cancer Registries, and aggregates and distributes surveillance data submitted by the registries for epidemiologic research (14, 15) . Consistent with NAACCR and SEER convention, incidence rates are presented as an aggregate over the most recent 5 years of available data at the time of the study, in this case 2004 through 2008, for increased stability. Age-specific case counts for site codes C54.0-C54.9 (corpus uterus) and C55.9 (uterus, not otherwise specified; ref. 16 United States maps were generated to compare uncorrected and corrected rates for Whites using ArcGIS software, version 10.0 (20) . States were categorized using the Jenks optimization method, which identifies natural breaks in the dataset such that the variance is minimized within groups and maximized between groups. Because obese women have a uterine cancer risk 2 to 3 times that of normal weight women (21), incidence rates for Whites were tested for an association with state obesity prevalence [defined as body mass index (BMI) of !30 kg/m 2 ] using data for non-Hispanic White women 18 years and older obtained from the BRFSS for survey years 1994 to 1995 and Pearson correlation coefficient weighted by the state nonHispanic White female population. Changes in the risk of uterine cancer among Black and Hispanic women relative to White women as a result of hysterectomy correction were quantified using rate ratios with 95% confidence intervals (CI) as estimated by the delta method (22) . 
Results
As expected, hysterectomy prevalence varied considerably across states and was lowest in the Northeast and highest in the South for all 3 racial/ethnic groups considered in our analysis. This variation was stronger for Whites than for Blacks or Hispanics (Table 1) . For example, there was a 3-fold difference between the lowest (10.1% in the District of Columbia) and highest (31.4% in Alabama) hysterectomy prevalence among Whites, compared with a 2-fold difference among Blacks (15.1% in New York vs. 28.4% in Alabama). Although in general, Blacks were more likely than Whites to have had a hysterectomy, in many Southern states prevalence was higher among Whites. Hispanic women were generally least likely to have had a hysterectomy.
Among White women, age-adjusted uterine cancer incidence rates (per 100,000 woman-years) uncorrected for hysterectomy prevalence ranged from 17.1 in Louisiana to 32.1 in New Jersey (Table 1) , with the highest rates concentrated in the Northeast and the lowest rates in the South (Fig. 1A) ; this incidence pattern was not associated with obesity prevalence (r ¼ 0.06; P ¼ 0.68). The increase in incidence rates after accounting for hysterectomy prevalence ranged from 30% in District of Columbia to greater than 100% in Oklahoma, Alabama, Louisiana, and Mississippi (Table 1) . In contrast to uncorrected rates, corrected rates exhibited no discernible geographic pattern (Fig. 1B) and were moderately correlated with obesity (r ¼ 0.37, 2-sided P ¼ 0.009).
Among Black women, uncorrected uterine cancer rates ranged from 17.3 in Tennessee to 28.0 in Delaware among the 28 states with sufficient data for analysis (Table 1) . Hysterectomy correction increased rates among Blacks from 42% (New York) to 105% (Texas) and reduced the number of states with significantly higher rates among White than Black women from 13 to 3 (Table 2 ). In some states, the excess cancer burden seemed to shift from Whites to Blacks. In Massachusetts, for example, the rate ratio increased from 0.79 (95% CI, 0.69-0.90) to 1.16 (95% CI, 0.93-1.44).
Among Hispanic women, uncorrected uterine cancer incidence rates ranged from 12.4 in North Carolina to 25.9 in Massachusetts in the 18 states with sufficient data (Table 1) ; correcting rates for hysterectomy prevalence resulted in increases from 27% (Connecticut) to 91% (Oklahoma). In contrast to Blacks, adjusting rates for hysterectomy increased the number of states with a lower risk among Hispanics compared with Whites from 12 to 14 (Table 2 ). In Texas, for example, the uncorrected incidence rate was similar among Whites (18.8) and Hispanics (18.3), whereas the corrected rate was 30% higher among Whites, 36.0 versus 27.7 in Hispanics (Table 1 ).
Discussion
We found that state-level uterine cancer incidence rates that are not corrected for hysterectomy prevalence substantially underestimate the risk of disease and distort geographic and racial/ethnic patterns. As expected, hysterectomy correction had the largest effect on rates in the South, where hysterectomy prevalence was highest irrespective of race. For example, the incidence rate doubled among White women in Alabama, Louisiana, Mississippi, and Oklahoma and among Black women in Alabama, Arkansas, South Carolina, and Texas.
Consistent with previous findings, correction for hysterectomy prevalence modified racial disparity patterns in uterine cancer incidence (7) . The excess risk among Whites compared with Blacks for the United States overall before correction (25.1 vs. 21.8 cases per 100,000 womanyears) was reduced to statistically insignificant after correction (40.2 vs. 38.9 cases per 100,000). Likewise, for 12 of 28 states, the excess risk among Whites compared with Blacks before hysterectomy correction was eliminated after rates were corrected. Hysterectomy correction had Cancer Epidemiology, Biomarkers & Preventiona lesser, but opposite effect on the risk difference between Hispanics and Whites. In Florida and Texas, 2 of the most populous Hispanic states, uterine cancer risk that was identical for Hispanic and White women before correction became significantly higher among Whites after accounting for hysterectomy prevalence. This article is the first to estimate state-level uterine cancer incidence rates among those women at risk. The substantial shift in the geographic pattern of uterine cancer after adjusting for hysterectomy prevalence highlights the importance of using corrected rates to compare and interpret state-specific disease burdens. The geographic pattern of uncorrected rates reflects differences in hysterectomy prevalence more than uterine cancer occurrence. Cancer surveillance data are the basis for descriptive epidemiologic research for which reliable cancer rates are essential. For example, landmark studies confirming the association between occupational exposures of shipyard workers and increased lung cancer risk circa World War II were instigated by the high lung cancer-related death rates noted along the Atlantic coast in the first Atlas of Cancer Mortality published in 1975 (23, 24, 25) . Similarly, geographic variations in breast and colorectal cancer have led to a greater understanding of the contribution of lifestyle factors in the developmental pathway of these malignancies (26, 27) . Our findings confirm that inferences about uterine cancer based on rates unadjusted for hysterectomy prevalence may be flawed.
Obese women have a risk of uterine cancer 2 to 3 times that of normal weight women (21) . Adipose tissue mediates cancer development by increasing levels of endogenous estrogen, which promotes uterine tumor growth (28) . Although obesity is estimated to account for almost 40% of uterine cancer cases (21) , an association between state-level incidence and obesity prevalence became apparent only after rates were corrected for hysterectomy prevalence.
Although the BRFSS is the only available source for state-level hysterectomy prevalence, these data have several limitations. First, response rates have been moderate relative to other health surveys, which may affect representativeness of the population at large. For example, in 2008 the median response was 53.3%. Second, only those households containing a residential telephone line are available for sampling. While almost 98% of the U.S. population has home telephone service, coverage varies by state (29) . Third, BRFSS data are self-reported, and therefore subject to recall bias. However, because accuracy of recall increases with the significance of the exposure of interest (30) and hysterectomy is a major medical procedure resulting in fertility loss, misclassification due to recall bias was probably minimal. Moreover, the selfreported patterns of hysterectomy prevalence we observed were consistent with those of previous reports (9) (10) (11) (12) . Fourth, the indication for hysterectomy cannot be determined from the survey data; therefore, it is likely that some of the women who reported a history of hysterectomy underwent the procedure as the result of a uterine cancer diagnosis, which would overestimate corrected incidence estimates. However, only about 10% of hysterectomies in the United States are conducted to treat a malignancy (i.e., ovarian, cervical, or uterine cancer; refs. 9, 10), so this issue is unlikely to have affected the interpretation of our findings.
Although cancer surveillance coverage has improved dramatically over the past decade, 3 state registries did not have high-quality data for all 5 years included in our analysis, and thus were excluded from the total U.S. incidence rate estimates. However, these states represented only 2.9% of the female population during 2004 to 2008. In addition, in a sensitivity analysis excluding those states for which we had data but that did not meet NAACCR criteria for high quality (District of Columbia and Nevada), the correlations between uterine cancer incidence (uncorrected and corrected for hysterectomy prevalence) and obesity did not change.
Accurate knowledge of the cancer burden at the state level is crucial for cancer control planning and etiologic research. Our study found that conventionally reported uterine cancer incidence rates that do not account for hysterectomy prevalence in the population at risk substantially underestimate disease burden and distort true geographic and racial disparity patterns. This issue also highlights the importance of enhancing reliable, multilevel, population-wide surveillance systems such as the BRFSS for monitoring health behaviors and conditions and providing necessary information for public health advocacy efforts.
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